since its first report in 1981 in the United States. 1 It is a virally transmitted infectious disease with an especially high prevalence rate in sub-Saharan Africa and South Asia. 2, 3 More than 34 million people are living with HIV globally. 2 Despite much progress in anti-HIV therapy over the past two decades, the quest for safe and efficacious antiretroviral drugs remains elusive since current chemotherapeutic strategies are associated with significant adverse effects and the emergence of multidrug resistance.
Natural product alternatives to synthetic drugs remain a desirable option even if such approaches are not yet viable. The urgency to replenish the anti-HIV armamentarium has provided impetus for the continued discovery of natural product lead molecules that possess potent antiretroviral activity to bolster the current pipeline of agents under development. 4 Natural products are regarded as vital sources for drug discovery in terms of their diversified chemical structures as well as their functional roles in living organisms. 5, 6 Studies have shown that natural products may play important roles in defending plants from foreign invaders such as viruses. The roles that natural products play in the self-defense mechanisms of the plant host make them particularly attractive for the discovery of novel antiviral compounds from plants. 7 Various natural products from higher plants have been reported to exhibit anti-HIV activity in the last two decades. [8] [9] [10] [11] [12] As part of an ICBG (International Cooperative Biodiversity Groups) project that aims to identify anti-HIV agents from the plants of Vietnam and Laos, 13 Vitex leptobotrys H. Hallier (Lamiaceae) was selected for further bioassay-directed fractionation based on positive results in preliminary screening. Although steroids, chalcones and an amine were isolated from this plant species, [14] [15] [16] no prior antiviral pharmacological report on this plant was recorded. However, several species in the genus Vitex have been used therapeutically in countries in Asia, being reported to have analgesic, anti-inflammatory, antimicrobial, antioxidant, hepatoprotective, antihistamine, and antiasthmatic activities. 17 The genus
Vitex contains about 250 species distributed around the world. 18 Plants in this genus produce a variety of potentially bioactive molecules, such as flavonoids, terpenoids, steroids, iridoids and lignans. 19 Our previous studies have led to the isolation of a series of novel diterpene amides from the chaste tree (Vitex agnus-castus). 20, 21 In a search for antiviral compounds from plants, it was determined that the chloroform extract of the leaves and twigs of V. leptobotrys inhibited HIV by 66% at 20 g/mL without showing any toxicity to the host cells at the same concentration. A relatively large quantity of the plant material (3.6 kg) was then re-collected from the same tree to carry out bioassay-guided fractionation in order to isolate the anti-HIV active compounds.
Accordingly, 13 compounds were isolated and identified including one new lignan (1), under bioassay-guided phytochemical separation. The current paper describes the isolation, identification, structure elucidation, and biological evaluation of these isolates from this species. Structures C and D can be readily ruled out for 1 as the two structures are rotationally symmetrical, which results in the presence of only 10 carbon signals in their respective NMR spectra. Previously, the compound kigeliol (structure C) was reported from the wood of Kigelia pinnata, a member of the family Bignoniaceae, and showed the same molecular formula and similar 13 C NMR spectroscopic data to compound 1. If it is assumed that 1 has structure B (Figure 2 ), the two hydroxy groups at C-8 and C-8' would be located at the opposite directions (trans), and it would have a conformation of F rather than E (Figure 4 ). In the former case, the ROEs would be observed of H-7 to both H-9 and H-9' as well as the ROEs of H-7' to the two H-9 protons in the ROESY spectrum. Instead, only the ROE correlations of H-7 (δH 4.54) to H-9 (δH 4.22) and H-9' (δH 3.36), and of H-7' (δH 4.52) to H-9 (δH 3.54) were observed, which indicated clearly that structure A is most appropriate for compound 1. Further, the HMBC spectrum showed the presence of the long-range W-coupling correlation of H-9' (δH 3.66) to C-1 (δC 128.4), which can exist only in conformation E rather than that F. In fact, only cis-8, Anti-HIV Assay and Cytotoxicity Assays. Anti-HIV and cytotoxicity assays were performed in parallel using the green fluorescent protein (GFP)-based HOGR5
reporter cell line that was constructed and developed specifically for quantitating HIV-1 infectivity. The system was validated and adapted as a moderately high-throughput procedure for screening natural products for anti-HIV activity in our laboratory. 37, 38 Briefly, a reporter cell line for quantitating HIV-1 replication was developed using HOS 
